Objective: To determine the association between dual-energy x-ray absorptiometry (DXA) testing for osteoporosis and subsequent fractures in US male veterans without a previous fracture. Patients and Methods: This is a propensity scoreematched observational study using Centers for Medicare and Medicaid Services and Veterans Affairs (VA) data from January 1, 2000, through December 31, 2010, with a mean follow-up time of 4.7 years (range, 0-10 years). Men receiving VA primary care aged 65 to 99 years without a previous fracture (N¼2,539,812) were included. Men undergoing DXA testing were propensity score matched with untested controls in a 1:3 ratio, indicating the probability of DXA testing within the next year. Time to first clinical fracture was the primary outcome. Comorbidities, demographic characteristics, medications, DXA results, and osteoporosis treatment were defined using administrative data and natural language processing. A landmark analysis contingent on surviving to 12 months after screening was completed, accounting for competing risk of mortality. Results: During follow-up of 153,311 men tested by DXA and 390,158 controls, 56,083 (10.3%) had sustained a fracture and 111,774 (20.6%) died. Overall, DXA testing was not associated with a decrease in fractures; conclusions are limited by unmeasured confounders and low medication initiation and adherence in those meeting treatment thresholds (12% of follow-up time). In contrast, DXA testing in prespecified subgroups was associated with a lower risk of fracture in comparison to the overall population who underwent DXA testing: androgen deprivation therapy (hazard ratio [HR], 0.77; 95% CI, 0.66-0.89), glucocorticoids (HR, 0.77; 95% CI, 0.72-0.84), age 80 years and older (HR, 0.85; 0.81-0.90), 1 or more VA guideline risk factors (HR, 0.91; 95% CI, 0.87-0.95), and high Fracture Risk Assessment Tool using body mass index score (HR, 0.90; 95% CI, 0.86-0.95). Conclusion: Current VA DXA testing practices are ineffective overall; interventions to improve treatment adherence are needed. Targeted DXA testing in higher-risk men was associated with a lower fracture risk. O steoporosis is underrecognized in older men. At the age of 50, 13% to 25% of white men can expect to suffer a hip, vertebral, or forearm fracture in their remaining lifetime, comparable to the risk of prostate cancer.
O steoporosis is underrecognized in older men. At the age of 50, 13% to 25% of white men can expect to suffer a hip, vertebral, or forearm fracture in their remaining lifetime, comparable to the risk of prostate cancer. 1 Men are more than twice as likely as women to experience complications after an osteoporotic fracture and have higher mortality after hip fracture. 2 It is estimated that hip fractures result in $43 million of additional cost to the Veterans Health Administration (VA) annually. 3 Despite this high burden, men are rarely diagnosed and treated for osteoporosis before a fracture occurs. 4 Low diagnosis and treatment rates are related in part to uncertainty about testing for osteoporosis in men. Although guidelines uniformly endorse dual-energy x-ray absorptiometry (DXA) testing in men older than 50 years after a low-trauma fracture, 5 there is no consensus on testing men who have not had a previous fracture. 6 Current practice guideline recommendations vary widely and include DXA testing for all older men [7] [8] [9] or selecting men based on fracture risk factors or clinical risk scores. [10] [11] [12] However, the US Preventive Services Task Force and VA National Center for Disease Prevention concluded that there was insufficient evidence to recommend for or against DXA testing in men without a previous fracture, 13 citing a lack of direct evidence that DXA testing reduces fractures and recommending longitudinal studies. As a result of these conflicting recommendations and resulting Medicare reimbursement policies, the recent primary screening rate in high-risk men in managed care was reported to be 11% 14 and is likely lower in other settings.
We sought to examine the effect of DXA testing in men without a previous fracture as it is currently operationalized in the largest US health care system. We analyzed administrative and electronic health record data for all US male veterans receiving primary care within the VA health care system from January 1, 2000, through December 31, 2010 . Using propensity score matching, we examined the association between DXA testing and subsequent fractures in the overall cohort and in prespecified highrisk groups in whom DXA is recommended by at least 1 practice guideline. Although such an analysis will not directly determine the effectiveness of DXA testing in men, it will prioritize the groups most likely to benefit and inform practice redesign.
PATIENTS AND METHODS
This is a propensity scoreematched observational study using the cohort of 5,869,668 men with any VA outpatient encounters from January 1, 2000, through December 31, 2010. We hypothesized that DXA testing would be associated with lower fracture rates relative to untested men with a similar probability of being tested, especially when followed by osteoporosis treatment for those meeting recommended treatment thresholds. 7 Ethical approval was obtained from the Durham and Richmond VA Medical Centers and the Department of Defense.
Data Sources
Veterans Affairs inpatient treatment file, outpatient care file, fee basis file, pharmacy treatment file, and laboratory files were merged with Centers for Medicare and Medicaid Services (CMS) Part A and B claims. Death was determined from the Vital Status File.
Patients and Controls
Men aged 65 to 99 years who were eligible for primary DXA testing (no previous DXA, fracture, osteoporosis diagnosis, or osteoporosis medication in the 3 years before their start date) were included in this study. Only men with at least 2 VA primary care visits within 2 consecutive years were included to improve ascertainment of comorbidities and medications. 15 Observation Period and Follow-Up Each subject's start date was their first primary care visit in the first calendar year after DXA testing became available at their medical center. Relevant diagnoses and medications were determined for the 3 years before their start date and updated on January 1 of each year thereafter. Patients and controls were followed until the end of the study or death. Because CMS records were available for all patients and controls, we did not censor for loss to VA follow-up.
Dual-Energy X-Ray Absorptiometry Testing, Results, and Treatment Current Procedural Terminology codes for DXA were identified from VA and CMS. To supplement this, natural language processing identified bone density test results in radiology reports, primary care, and consultation notes. Natural language processing extracted femoral neck T-scores and lowest T-scores at any site; validation suggested excellent accuracy. 16 Only DXA testing done before a fracture or osteoporosis medication prescription was considered.
Treatment was defined as at least 1 prescription for a bisphosphonate, calcitonin, or teriparatide. Using US treatment thresholds (osteoporosis by bone mineral density [BMD] measurement at any site or 10-year Fracture Risk Assessment Tool [FRAX]-BMD score of !20% for major osteoporotic fracture or !3% for hip fracture), 17 subjects' treatment status was defined 12 months after DXA testing as appropriately treated, appropriately untreated, overtreated, or undertreated. If DXA results were not available, FRAX using the body mass index (BMI; calculated as the weight in kilograms divided by the height in meters squared) instead of BMD was used for classification; a previous study has reported that few patients are classified differently with FRAX-BMI compared with FRAX-BMD. 18 Treatment adherence was estimated using the continuous measure of medication acquisition.
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Comorbidities and Other Variables Comorbid conditions, medications, and other factors that increase fracture risk were identified using International Classification of Disease, Ninth Revision codes, laboratory values (hemoglobin A 1C level and estimated glomerular filtration rate), and medication prescriptions (glucocorticoids, androgen deprivation therapy (ADT), hypoglycemic agents, dopaminergic medications, cholinesterase inhibitors, selective serotonin reuptake inhibitors, opiates, and proton pump inhibitors). Charlson comorbidity scores were calculated using a validated approach. 20, 21 Fall risk factors (neuropathy, stroke, seizure disorder, dementia, and psychoactive medications) were included. The 10-year risk of hip and major osteoporotic fractures was calculated at baseline for all patients and controls using FRAX-BMI and updated for those with documented femoral neck T-scores within the 365 days of DXA testing. Other social and health system factors likely to influence receipt of DXA testing included marital status, co-pay level (financial status), homelessness, rural zip code, receipt of colorectal cancer screening, and number of outpatient visits.
Propensity Score Development
We used propensity scores to match DXA tested "cases" with untested "controls" with a similar probability of undergoing DXA testing in the next year based on comorbidities, medications, demographic characteristics, health system, and social factors (Table) . The propensity score contains information on a large number of measured confounders and has a property of balancing them between tested and untested patients. 22 For this analysis, a 3-year look-back period from each subject's start date was used to identify baseline risk factors; then, new propensity scores were calculated on January 1 of each year, incorporating new diagnoses and medications from the previous year. Because DXA testing practices vary by region and medical center's complexity level, 80 separate logistic models stratified by year, region, and complexity level were used. Logistic models included all the potential risk factors for DXA testing listed in the Table. Matching A greedy matching algorithm identified up to 3 untested controls with the propensity score closest to that of the DXA tested case as of January 1 of the case's DXA testing year. Some controls were excluded after matching because they had fracture, death, or first osteoporosis medication use in the year they were matched but before their case's DXA testing date. Therefore, not all cases had 3 controls in the analysis. In greedy matching, cases are matched sequentially with controls with the closest propensity score; once matched, controls are no longer available to match with subsequent cases. Patients tested by DXA were eligible to serve as controls before their testing year, at which time they became cases. Matching effectiveness was assessed by ensuring that standardized difference was less than 0.1 for all fracture risk factors ( Figure 1 ). Propensity score distributions were examined graphically.
Analysis
Cox proportional hazards models, stratified by the matched groups, assessed the hazard of fracture in DXA tested vs untested men. Because death could confound the observed effects, competing risk analyses implemented in the Fine and Gray methods 23 were estimated. To allow for the lag time to benefit from an osteoporosis medication, 24 we set a landmark of 12 months after testing (ie, patients and controls who died or fractured within 12 months of their DXA testing/match date were censored). The use of this landmark had several additional analytical benefits. First, the proportional hazards assumption for fracture risk was not met, with curves crossing around 12 months. Second, we observed a spike in fractures immediately after the first DXA testing date, suggesting that these were likely postfracture DXA tests with errors in coding dates. Setting the 1-year landmark removed these misclassified events.
Patients and controls were censored at death or the end of the study; in addition, controls were censored if they underwent DXA testing (became a case) or began taking an osteoporosis medication. Interaction terms for prespecified subgroups were examined, including age 80 years and older, glucocorticoids, ADT, high baseline FRAX-BMI score (!20% major osteoporotic fracture or !3% hip fracture), and 1 or more fracture risk factor per the VA Undersecretary guidelines (glucocorticoids, ADT, traditional antiepileptic drugs, rheumatoid arthritis, alcohol abuse, smoking, BMI < 25 kg/m 2 , hyperthyroidism, hyperparathyroidism, chronic lung disease, chronic liver disease, stroke, parkinsonism, and gastrectomy). All hypothesis tests were 2-sided with a significance level less than .05. Data were analyzed by authors C.F.P. and J.M.G. using SAS 9.4 (SAS Institute, Inc.).
RESULTS
Participant flow and baseline characteristics are presented in Figure 2 and Table, fracture risk factors than did the overall cohort, but both groups presented similar proportions for smoking, alcohol abuse, and mean FRAX-BMI scores. Cases and controls were older, were more likely to be married, were living in nonrural areas, had higher income, had previous colorectal cancer DXA testing, and had more outpatient visits in the testing year than did the overall cohort. After matching, the standardized difference for all risk factors used in calculating the propensity score was less than 0.10 ( Figure 1 (Figures 3 and 4) , suggesting the presence of unmeasured fracture risk factors that prompted physicians to order DXA testing for cases but were unavailable in administrative data. Assuming a prevalence of 10% in the untested group, these risk factors would have to be fully independent of the 32 risk factors in our model, would increase fracture risk by 100%, and would be 2.5 times as prevalent in the tested group to have resulted in missing a 10% decrease in the hazard of fracture attributable to DXA testing. Examining osteoporosis medication use in DXA tested individuals, we found that 43% of those meeting treatment thresholds were not initiated on medications during follow-up. For those with at least 1 prescription for an osteoporosis medication, the median percentage of follow-up time during which they received medication after the 1-year landmark was 12%. More than 60% of osteoporosis medication use occurred within 90 days of testing, with less than 10% of prescriptions dispensed 1 year after testing.
The effectiveness of DXA testing improved over time (3.3% reduction in the hazard of fracture in tested individuals per year; 95% CI, 2.3%-4.2%; interaction, P<.001). The proportion of cases who were classified as receiving guideline-recommended care was similar during the study period (77%-82%).
Prespecified Subgroups
Interaction terms suggested higher DXA testing effectiveness in all prespecified groups (P<.001), and therefore separate analyses were completed (Figure 4 
DISCUSSION
Practitioners and policymakers have little data to inform decisions about DXA testing for osteoporosis in men. In the Cardiovascular Health Study, 654 men from 2 counties underwent DXA testing whereas those in 2 other counties received "usual care"; there was a trend toward a lower hazard of hip fracture (HR, 0.68; 95% CI, 0.32-1.42), 25 which was likely affected by geographic differences in hip fracture rates. 26 Other studies have modeled osteoporosis prevalence rates from cohort studies and treatment benefits from clinical trials to estimate the cost-effectiveness of DXA testing. 27, 28 Prospective studies such as Osteoporotic Fractures in Men Study 29 have been crucial in establishing osteoporosis prevalence and risk factors but lack a comparison group. Although a randomized controlled trial would be required to establish unbiased estimates of the true effectiveness of DXA testing under optimal conditions, such a study would require a large sample size and long follow-up duration; indeed, there is a paucity of data supporting DXA testing even in women. 30 A single pragmatic trial of more than 12,000 women in the United Kingdom reported a decrease in hip, but not all clinical, fractures when women at high risk calculated using FRAX-BMI were offered DXA testing. 31 In the absence of clinical trial data, well-done observational studies can provide important insights to guide practice in men.
Our findings suggest that DXA testing as it is currently operationalized in the largest health system in the United States is associated with a lower risk of subsequent fractures in subgroups of men at high fracture risk. However, we were unable to find a reduction in fractures from DXA testing in the overall cohort in the setting of low treatment and adherence rates, suggesting that major changes in the DXA testing program are needed to avoid waste. Our results are influenced by unmeasured risk factors; the counterintuitive higher fracture rates associated with DXA testing overall suggest that ordering clinicians are identifying fracture risk factors that were unavailable in administrative data. However, the effect of these risk factors would have to be very large to have resulted in our missing even a modest decrease in fractures with general DXA testing. These results have important clinical implications for DXA selection and osteoporosis care delivery.
The selection of the most appropriate group of men to undergo DXA has been controversial. In this cohort, 75% of those tested in routine clinical care did not ultimately meet osteoporosis treatment thresholds and therefore did not benefit from DXA. This figure is higher than for women undergoing DXA testing, 32 although it compares favorably with the result of colon cancer, aortic aneurysm, and lung cancer DXA testing. 33 However, DXA was associated with a lower hazard of fracture in all subgroups at higher risk relative to the overall population. Therefore, more targeted selection of men at highest risk of fracture would improve the effect of DXA. Variability in guideline recommendations may be contributing to inefficient selection of DXA testing. Our results support the VA Undersecretary 12 and American College of Physicians 10 guidelines, which select older men with 1 or more fracture risk factors. This recommendation is further supported by recent cohort studies reporting substantially increased hip fracture incidence in men with these fracture risk factors, with the incidence increasing exponentially in those with multiple risk factors. 34 Several guidelines recommend age-based DXA testing, selecting all men older than 65 or 70 years. 8, 9 Although it remains unclear what the effect of general DXA testing would be on patients and controls aged 65 to 79 years without other risk factors if treatment and adherence rates were improved, our results do support general DXA testing for men older than 80 years, the age at which fracture rates increase exponentially. Fracture Risk Assessment Tool-BMI could also be used to focus on DXA testing efforts because those with high baseline FRAX-BMI score in our sample also benefited from DXA testing; in the United Kingdom, only intermediate-or high-risk individuals are referred for DXA. 11, 31 In addition to informing selection for DXA testing, the results highlight the urgent need to improve treatment rates and promote longterm adherence. Among tested men who met treatment thresholds in our study, 43% were never treated and 90% of those who received an osteoporosis medication discontinued it before it is likely to have provided a benefit. Previous studies outside the VA suggest that this is a widespread issue internationally; 45% of patients taking osteoporosis medications discontinue them within 1 year, with men more likely to discontinue than women. 35 Poor medication persistence is associated with a higher fracture rate, 36 with no evidence of a healthy adherer effect. 37 Challenges with both DXA testing selection and treatment monitoring indicate a need for system level approaches. Validated algorithms selecting men for DXA testing based on risk factors found in the electronic health record have been developed, 38 but have not been widely adopted owing to concerns about provider alert fatigue. Quality improvement interventions targeting primary care clinicians and patients have had limited success in improving osteoporosis treatment and adherence, 39 and these tasks may be best accomplished by a centralized team focused on fracture prevention. Such "fracture liaison service" teams have been effectively deployed worldwide (including within VA) 40 to improve secondary osteoporosis testing and treatment after a fragility fracture and are associated with reductions in fracture rates and costs. 41 However, this model is not widely used for primary DXA testing before a fracture has occurred.
It is important to emphasize that we considered DXA testing only in men who have not had a previous fracture; there is broad consensus that DXA testing or osteoporosis treatment for osteoporosis is indicated for those with a lowtrauma fracture. Recent studies have documented alarming international trends of declining treatment rates after fragility fracture. 4 Although our cohort was large with 10 years of follow-up, the accuracy and completeness of administrative data are limited. Coding for fracture is both sensitive and specific, 42 but we could not distinguish between fragility fractures and high-trauma fractures. Administrative data algorithms for other chronic conditions generally have good specificity but poor sensitivity, 43 resulting in unrecognized fracture risk factors. We used mitigating strategies such as including pharmacy records and laboratory results, combining VA and CMS records, and updating propensity scores annually; however, unmeasured risk factors clearly remain. We lacked Medicare D prescription drug program data and likely underestimated treatment outside the VA, though studies suggest that primary prevention osteoporosis treatment is uncommon in male Medicare beneficiaries. 44 Our use of a propensity scoreematched cohort selects a population who is more likely to be tested. The generalizability of our findings to nonveterans should also be considered; because risk factors are common in veterans, it is estimated that the rates of osteopenia and osteoporosis are nearly double those of nonveterans and therefore they represent a population more likely to benefit from DXA testing, but with additional adherence challenges. 45 CONCLUSION Dual-energy x-ray absorptiometry testing in high-risk subgroups of men is associated with clinically important reductions in fractures. However, DXA testing across the entire VA population was not associated with decreased fractures because of low treatment initiation and adherence rates. System interventions that assist clinicians in identifying men at risk and support treatment decision making and adherence are needed. Potential Competing Interests: Dr Colón-Emeric is a consultant to Novartis and Amgen and receives research support from Amgen. Dr Lyles is a consultant to Novartis, Amgen, and UCB and receives research support from Amgen, Novartis, and Kirin Pharmaceuticals. Dr Lyles is a coinventor of US patent applications 20050272707 "Methods for preventing or reducing secondary fractures after hip fracture" and 12532285 "Medication kits and formulations for preventing, treating or reducing secondary fractures after previous fracture." Drs Colón-Emeric and Lyles are coinventors of US patent applications 20104717 "Bisphosphonate compositions and methods for treating heart failure" and 61560328 "Bisphosphonate compositions and methods for treating and/or reducing cardiac dysfunction." They are equity owners of BisCardia, Inc. The rest of the authors report no competing interests.
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